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CLOCK DATA RECOVERY METHOD AND 
CIRCUIT FOR NETWORK 

COMMUNICATION 

FIELD OF THE INVENTION 

Embodiments of the present invention relate to the field of 
computer network communications. 

BACKGROUND OF THE INVENTION 

Modern computer networks can communicate at very 
high data rates. Local Area Networks (LAN) and Wide Area 
Network (WAN) can transmit and receive hundreds of 
millions of bits per second over a single cable. Optically 
linked networks can communicate far faster, taxing the 
abilities of the even fastest processors. 

Maintaining accurate reception of signals transmitted in 
high speed networks requires that extremely accurate clocks 
be in Synchrony at each end of a communication. Because 
different transmitters and receivers are located at different 
distances away from each other, and the amount of time to 
travel any length of cable varies, received data clock "ticks 
can drift away from a receiver's clock. Hence, clock signals 
are necessarily inherent in data signals. 

Data transmission densities, the bit rates that are trans 
mitted on any network cable, vary with data content, time, 
distance, hardware and other constraints. A receiver may 
have to adapt to data densities that can vary by a factor of 
20 or more. Since a transition between high and low voltages 
is the readable feature in a data stream, data densities are 
best expressed as data transition density, or DTD. 

There are processes in existence in which receivers can 
attempt to keep pace with changing DTDs. Such processes 
are known as Clock and Data Recovery or CDR. 
CDRS can be required to receive input data whose average 

transition density, TD, can vary from five to one hundred 
percent of the maximum available rate. In other words, 
DTD, as well as the loop gain at the receiver, can vary by a 
factor of twenty. In a typical Phase-Locked Loop (PLL) 
CDR design, it is difficult to have Clock and Data Recovery 
meet the Synchronous Optical Network (SONET) jitter 
transfer specification with 20 times DTD, especially in light 
of variations in process, Supply Voltage and temperature, or 
PVT. 

There are a number of ways by which solving this 
problem has been attempted. One way is to limit DTD 
variations in the input data or use external components to 
reduce PVT variations. Another one is to have loop gain 
compensated. Existing architectures use a counter to count 
VCO clock cycles between adjacent data transitions. The 
lower the DTD, the more clock cycles will be counted. The 
counter generates control Voltages which adjust charge 
pump gain to compensate DTD variation. 

In U.S. Pat. No. 5,315,270 issued May 24, 1994, to 
Leonowich, the loop gain of a phase locked loop is made to 
be controllably responsive to the transition density of an 
input data signal. In one embodiment a charge pump, 
positioned between the phase detector and the loop filter, 
Supplies pulse-amplitude-modulated current pulses to the 
loop filter, the amplitude of pulses being related to the data 
transition density. 

However, schemes such as that described in the cited 
patent cannot used with different linear phase detectors and 
are prone to lock into harmonics in the data stream. Further, 
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2 
they are necessarily higher speed devices and can generate 
high Switching noise, implying high jitter, as well as con 
Sume higher power. 

SUMMARY OF THE INVENTION 

Accordingly, embodiments of the present invention are 
directed to a method and electronic system by which Clock 
and Data can be efficiently and reliably recovered. The 
method uses a novel technique of employing both data 
transition frequency detection and data transition phase 
detection to make for very reliable, accurate and low noise 
data reception. 

Embodiments of the present invention relate to a method 
for recovering the clock and data signals in a transmitted 
data signal In a computer network. The method comprises 
accessing a transmitted data signal at a receiver in the 
network, locking the receiver on a data signal transmission 
frequency, then locking the receiver on a data signal tran 
sition phase in the transmitted data signal and adjusting the 
signal transition phase locking by reference to the transition 
density of the transmitted data signal. Embodiments adjust 
the transition phase locking by adjusting the tail current of 
a Gm cell in a phase locked loop in the receiver, based on 
the received data signal transition density. 
By using the method presented in this embodiment of the 

present invention, CDR loop stability is improved. A direct 
benefit is jitter performance. The embodiment presents com 
pensation in loop gain for input data transition density 
(DTD) variation. Therefore, loop stability is improved 
across various data transition density. The present invention 
allows a CDR loop to be used across various voltage 
controlled oscillator (VCO) frequency rates, such as full rate 
and half rate. 
The method presented in this embodiment of the present 

invention allows compensation in Gm cell tail currents by 
looking for average data transition density through a low 
pass filter (LPF). Embodiments of the present invention 
present both a method using data slicer outputs which are 
compared with average pump down signal Voltage through 
operational amplifiers (OP-AMP), where the outputs from 
OP-AMP are used to switch Gm cell tail currents and also 
a method comparing the output of a pseudo Gm cell with a 
reference and providing the comparison to control Gim cell 
tail currents. 
The methods presented in the embodiments of the present 

invention discussed herein reduce the risk of a CDR from 
locking onto a wrong frequency in the data stream. Further, 
by updating Gm cell tail currents slowly and by responding 
to average data transition density through a low pass filter, 
jitter in the PLL output is reduced. Lower speed circuits 
generally consume less power and provide lower Switching 
noise in Gm cells. Lower noise implies better jitter perfor 
aCC. 

These and other objects and advantages of the present 
invention will become obvious to those of ordinary skill in 
the art after having read the following detailed description of 
the preferred embodiments which are illustrated in the 
various drawing figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The operation and components of this invention can be 
best visualized by reference to the drawings. 

FIG. 1 illustrates a flow chart of one embodiment of the 
present invention. 
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FIG. 2A illustrates a clock and data recovery circuit in 
accordance with an embodiment of the present invention. 

FIG. 2B illustrates an implementation of data slicer in 
accordance with an embodiment of the present invention. 

FIG. 2C illustrates an implementation of a Gm cell in 
accordance with an embodiment of the present invention. 

FIG. 3A illustrates a clock and data recovery circuit in 
accordance with an embodiment of the present invention. 

FIG. 3B illustrates an implementation of a Pseudo Gm 
cell in accordance with an embodiment of the present 
invention. 

FIG. 3C illustrates an implementation of a Gm cell in 
accordance with an embodiment of the present invention. 

FIG. 4 illustrates exemplary data stream and pump-down 
signals in accordance with an embodiment of the present 
invention. 

FIG. 5 illustrates an exemplary generic computer Such as 
is used in accordance with an embodiment of the present 
invention. 

DETAILED DESCRIPTION 

Reference will now be made in detail to the preferred 
embodiments of the invention, examples of which are illus 
trated in the accompanying drawings. While the invention 
will be described in conjunction with the preferred embodi 
ments, it will be understood that they are not intended to 
limit the invention to these embodiments. On the contrary, 
the invention is intended to cover alternatives, modifications 
and equivalents, which may be included within the spirit and 
Scope of the invention as defined by the appended claims. 
Furthermore, in the following detailed description of the 
present invention, numerous specific details are set forth in 
order to provide a thorough understanding of the present 
invention. However, it should be understood by one of 
ordinary skill in the art that the present invention may be 
practiced without these specific details. In other instances, 
well-known methods, procedures, components, and circuits 
have not been described in detail so as not to unnecessarily 
obscure aspects of the present invention. At times, concepts 
disclosed in this discussion of embodiments of the present 
invention will be made more readily apparent by reference 
to the Figures. 

FIG. 1 illustrates a flow chart representation of one 
embodiment of the present invention. Process 100 com 
mences by accessing a transmitted data signal at a receiving 
device in a computer network, 110. It is noted that computer 
data communications comprise sequences and combinations 
of high and low Voltages. Communications in a network 
comprise serial sequences of high and low Voltages, recog 
nized logically as “1” and “O'”. Because serial communica 
tions are time based, clock information is necessary. In step 
110 of process 100, clock information and data, carried 
simultaneously, are both in the transmitted signal. 

Using the output of a phase frequency detector to a 
phase-locked loop, the receiver locks on, 120, to the appar 
ent frequency of the transmitted signal which can change 
with the density of data transition. It is noted that a data 
transition is a change from a high state to a low state or low 
state to high state. The composition of a data stream, as is 
discussed below, affects the apparent frequency by deter 
mining the rate or density of transitions in a given time 
frame. After locking on the frequency, the receiver then 
adjusts to phase locking, 130, based on the output of a phase 
detector, 140. Therefore, two loops are used. 
As noted above, the data transition density (DTD) varies 

with the composition of data. Maintaining a lock on data 
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4 
transition phase requires monitoring of DTD which is 
accomplished, according to one embodiment, in a data slicer 
at 150. The data slicer output is compared to the phase 
detector output at 160 and adjustment to the PLL is made 
forward at 170 or backward at 180, as necessary. This 
operation continues as necessary at 190. 

According to the above methods, the circuit first detects 
data density and uses this information to adjust the loop gain 
of a PLL. The loop gain may be controlled by altering the 
current supplied to the active loop filter. In one embodiment, 
higher data density translates into lower current and Vice 
versa. The data density detector, as described below, can be 
analog based. 
The following descriptions illustrate circuit embodiments 

for the above clock and data recovery method. 
FIG. 2A illustrates one implementation of an electronic 

clock and data recovery system that enables the process 100 
outlined above in an embodiment of the present invention. 
FIG. 2A is exemplary as there are other physical implemen 
tations that accomplish the method. Phase Frequency Detec 
tor (PFD) 207 receives a clock reference which it compares 
with the phase-locked loop (PLL) output and sends up or 
down signals (“pfd up', 271, and “pfd dn’. 272, respec 
tively) to Gm cell 204 whose tail current, 215, controls the 
voltage output, 216, of active loop filter 205 which in turn 
controls the output of VCO 206. 
As shown in this implementation, this embodiment of the 

Clock and Data Recovery (CDR) design is shown with PFD 
207 in the PLL to enable frequency locking prior to phase 
locking. The PLL switches to phase detector feedback from 
PD 201 after the PFD 207 feedback pulls VCO 206 output 
frequency to within an acceptable range of the data fre 
quency. Therefore, the data density is first detected then 
allowed to control the loop gain of the PLL. The dual loop 
design enabled by this implementation, and others that 
enable this embodiment of the present invention, can avoid 
possible “false locking by dependency on PD feedback 
alone. The dual loop design compensates for DTD variation 
is using a low speed analog approach via low pass filter 
(LPF) 202, and data slicer 203. The density of pump-down 
pulses, shown as “DN signal 217 represents data transition 
density (DTD). LPF 202 converts the pump-down signal 
217 of the output of phase detector 201 into pseudo DC 
voltage (Vpdc) 219 which is proportional to average DTD. 
Vpdc 219 is compared with data slicer, 203, outputs to 
generate control voltages V1 through V5, shown at 220, 
which adjust the gain of Gm cell 204, which controls the 
loop gain of the PLL. The actual implementation of the 
comparator at slicer 203 can be a differential amplifier or 
other comparator circuit such as that illustrated in FIG. 2B. 

Outputs of PD 201 provide the recovered clock and data 
signals. Data is recovered at 280, and the clock signal, 
“pd clk” at 290 can also be extracted. 

It is noted here that the basic operation of a Phase/ 
Frequency Detector (PFD) is to compare an incoming signal 
to a set reference signal. When the reference clock signal and 
VCO clockinputs are unequal in frequency and/or phase, the 
differential up and down outputs provide pulse streams 
which, when Subtracted and integrated provide an error 
voltage for control of a VCO. In FIGS. 2A and 3A, PFD 207 
accomplishes these functions with reference clock signal 
220, feedback clock signal 230 which is a product, by 
process 211, of VCO output clock signal 210. PFD 207 
outputs differential output signals 271 and 272 to Gm cell 
204. 

FIG. 2B illustrates one implementation of an exemplary 
data slicer which can be implemented in any number of 
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forms. Incoming Vpdc. 219, the output of LPF 202, is 
compared with five different voltage levels set by splitting 
resistors 239 between the high reference voltage VH, 221, 
and the low reference voltage VL, 222. This provides five 
separate and distinct control voltages to Gm cell 204. Data 
slicer output voltages V1 through V5, 231 through 235, can 
be binary weighted or equal weighted by proper sizing of 
resistor 239 values, as a given implementation requires. 

FIG. 2C illustrates one implementation of an exemplary 
Gm Cell such as 204 of FIG. 2A. In FIG. 2C, a Gm cell is 
comprised of two Gm cell circuits, 251 and 252, generate 
pump-up and pump-down currents into an active filter, 
comprising op-amp 205, whose output controls the VCO 
frequency. The control voltages V1 through V5, derived 
from the comparator output such as that from data slicer 203 
of FIG. 2B, controls Gm cell tail currents 215 in order to 
accomplish compensation in the loop gain for DTD varia 
tion. In order to keep the GM cell in continuous operation, 
a minimum tail current 215 is provided when slicer outputs 
V1 through V5 would switch tail currents off. 

FIG. 3A illustrates an alternative implementation of a 
CDR design. For another embodiment of the present inven 
tion. Similar to the block diagram shown in FIG. 2A, the 
design in FIG. 3A differs in replacing LPF 202 and data 
slicer 203 with Gm replica cell 301 and LPF/Amp 302. In 
this design, replica tail current, Vpdr 319, is generated by 
replica Gm cell 301 by way of input pump down signal, 217. 
Vpdr 319 is filtered by the LPF in LPF/Amp 302 and 
compared with the desired DC level, Vref, 320, to generate 
control voltage output VFB 321. Any voltage difference 
between VREF 320 and Vpdr-dc is amplified as control 
signal VFB 321 and feedback to replica Gm cell 301 for 
adjusting replica Gm cell gain. 
An implementation of an exemplary replica Gm cell is 

illustrated in FIG. 3B. Here, replica Gm cell 301 is imple 
mented with transistors 382 and 383 as well as JFETs 384 
and 385. Vpdr 319 is output to LPF/Amp 302 and, as 
discussed above, produces VFB 321 from the comparison of 
Vpdr-dc and Vref 320. It is noted that other implementations 
of a GM cell are also able to generate VFB 321 according 
to other embodiments of the present invention. 

FIG. 3C illustrates another implementation for Gm cell 
204. As in other embodiments, Gm cell 204 accepts pump 
up and pump-down signals, 218 and 217, from phase 
detector 201 and pfd-up and pfd-down signals, 271 and 272 
from phase frequency detector 207, and produces tail current 
215 for active loop filter 205, as is discussed above. 

FIG. 4 contains timing diagrams to illustrate a data 
stream's signal levels. Data stream 401 illustrates a 100% 
data transition density (DTD) signal. Such a signal com 
prises a series of alternating highs and lows, e.g., 101010, 
where every clock pulse is accompanied by a transition 
between a high Voltage and a low voltage. At 402, a 
pump-down Voltage corresponding to a 100% DTD signal is 
shown. 402 represents the form that pump-down voltage 217 
and 218 take in this situation. At 403, a 50% DTD signal is 
represented. A sequence of 11001100, etc. would provide 
exactly 50% DTD. 404 illustrates a pump-down voltage 
corresponding to the 50% DTD data signal. It is noted here 
that data signals assume many forms and are constantly 
changing. These data stream forms are offered for the sake 
of illustration only. 
An embodiment of the present invention discussed here 

may be implemented in a computer similar to the generic 
computer illustrated in FIG. 5. FIG. 5 illustrates, in block 
diagram form, a configuration typical to a computer system. 
In FIG. 5, computer system 500 comprises bus 510 which 
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6 
electronically connects central processor 501, volatile RAM 
502, non-volatile ROM 503 and data storage device 504. 
Display device 505 is also connected to the bus though 
embodiments of the present invention can be used in servers 
without dedicated displays. Similarly connected are alpha 
numeric input device 506, optional cursor control 507, and 
signal I/O device 508. Signal I/O device 508, containing in 
this embodiment the novel receiver with clock and data 
recovery circuits 509, can be implemented as a serial con 
nection, USB, an infrared transceiver, an RF transceiver or 
any number of other communication protocols. It is noted 
that the location of CDR circuits may be anywhere suitable 
to their operation without affecting the functions described 
in these embodiments. 
Some embodiments of the present invention have been 

shown an acceptable range of initial frequency locking of 
within +/- 200 ppm around the input data frequency but a 
specific range is not required herein. After the output clock 
frequency, 210, of VCO 206 is pulled into an acceptable 
range, PD 201 may lock onto data transition phases in 
varying data patterns. Once locked, the PLL can effect clock 
recovery, accepting any number of data patterns and asso 
ciated varying DTD. 

In some embodiments, VH, 221, and VL, 222, inputs to 
data slicer 203 can be programmed to better fit a particular 
application. Data slicer output voltages V1 through V5. 
231-235, can be binary weighted or equal weighted by 
proper sizing the resistor values at 239. Similarly, VREF 320 
can also be programmed according to the needs of an 
application. 
The embodiments of the present invention allow the 

design to be re-used across various PD/VCO frequency rates 
(e.g. Full/Halfrate). With the aid of frequency locking, there 
is no risk of the phase detector locking into the wrong 
frequency. Also Gm cell tail currents update slowly by 
responding to average data density through a low pass filter 
thereby consuming less power. Also, lower noise implies 
better jitter performance. 
The foregoing descriptions of specific embodiments of the 

present invention have been presented for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms 
disclosed, and obviously many modifications and variations 
are possible in light of the above teaching. The embodiments 
were chosen and described in order to best explain the 
principles of the invention and its practical application, to 
thereby enable others skilled in the art to best utilize the 
invention and various embodiments with various modifica 
tions as are Suited to the particular use contemplated. It is 
intended that the scope of the invention be defined by the 
Claims appended hereto and their equivalents. 

I claim: 
1. A method for recovering clock and data in a transmitted 

signal, comprising: 
accessing a transmitted data signal at a receiver; 
locking said receiver on a data signal transmission fre 

quency in said transmitted data signal; 
locking said receiver on a data signal transition phase in 

said transmitted data signal; and 
adjusting said data signal transition phase locking by 

reference to a data transition density of said transmitted 
data signal. 

2. The method described in claim 1, wherein said trans 
mitted signal comprises clock information. 

3. The method described in claim 2, wherein said trans 
mitted signal further comprises data. 
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4. The method described in claim 1, wherein said locking 
on a data signal transmission frequency comprises sensing 
the output of a phase frequency detector. 

5. The method described in claim 4, wherein said sensing 
the output of a phase frequency detector comprises sensing 
an average data transition density in a low pass filter. 

6. The method described in claim 4, wherein said sensing 
the output of a phase frequency detector results in adjust 
ment of a Voltage controlled oscillator. 

7. The method described in claim 1, wherein said locking 
on a data signal transition phase in said transmitted signal 
comprises sensing the output of a phase detector. 

8. The method described in claim 7, wherein said sensing 
the output of a phase detector results in adjustment of a 
Voltage controlled oscillator. 

9. The method described in claim 1, wherein said adjust 
ing said signal transition phase locking comprises adjusting 
the tail current of a Gm cell. 

10. A circuit for recovering clock and data in a transmitted 
signal in a network, comprising: 

a receiver stage comprising a phase-locked loop circuit 
for receiving a transmitted data signal; 

a phase detector in said phase locked loop circuit coupled 
to a Gm cell in said phase locked loop circuit; and 

a phase frequency detector coupled to said Gm cell, 
wherein said phase locked loop circuit compensates for 
data density variation in said transmitted data signal by 
adjusting the loop gain in said phase locked loop 
circuit. 

11. The circuit described in claim 10, wherein said phase 
locked loop circuit comprises a data slicer coupled to said 
Gm cell in said phase-locked loop. 

12. The circuit described in claim 11, wherein said data 
slicer senses the output of a low pass filter. 

13. The circuit described in claim 12, wherein said low 
pass filter senses an average data transition density. 
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14. The circuit described in claim 10, wherein said 

phase-locked loop circuit comprises a replica Gm cell 
coupled to said Gm cell in said phase-locked loop and 
wherein further said loop gain is adjusted by controlling tail 
currents in said Gm cell. 

15. The circuit described in claim 14, wherein said replica 
Gm cell provides a reference control voltage to said Gm cell. 

16. The circuit described in claim 15 wherein said refer 
ence control Voltage is averaged by a low pass filter. 

17. A data clock recovery circuit, comprising: 
a data density detector Sub-circuit for accessing an input 

signal and generating an output data signal and an 
output clock signal; and 

a phase-locked loop Sub-circuit comprising an active loop 
filter, coupled with said data density detector sub 
circuit in feedback, wherein said data density detector 
Sub-circuit is enabled to control the loop gain of said 
phase-locked loop Sub-circuit based on the data density 
of said input signal. 

18. The data clock recovery circuit described in claim 17 
wherein said data density detector Sub-circuit comprises a 
low pass filter and a data slicer and wherein said low pass 
filter senses an average data transition density. 

19. The data clock recovery circuit described in claim 17 
wherein said data density detector Sub-circuit comprises a 
replica Gm cell and an operational amplifier and wherein 
said replica Gm cell and said operational amplifier provide 
a control Voltage to said Gm cell wherein said control 
Voltage corresponds to an average data transition density. 

20. The data clock recovery circuit described in claim 17 
wherein said phase-locked loop sub-circuit further com 
prises a phase detector and a phase/frequency detector. 


